We present a systematic study on the influence of spatial correlations between the proton constituents, in our case gluonic hot spots, their size and their number on the symmetric cumulant SC(2, 3), at the eccentricity level, within a Monte Carlo Glauber framework [1] . When modeling the proton as composed by 3 gluonic hot spots, the most common assumption in the literature, we find that the inclusion of spatial correlations is indispensable to reproduce the negative sign of SC(2, 3) in the highest centrality bins as dictated by data. Further, the subtle interplay between the different scales of the problem is discussed. To conclude, the possibility of feeding a 2+1D viscous hydrodynamic simulation with our entropy profiles is exposed.
Motivation
The relevance of subnucleonic degrees of freedom and their fluctuations in the description of multiple experimental observations in small collision systems, such as flow harmonics [2] , diffractive phenomena [3] or the hollowness effect [4] , has been recently established. Although the geometric structure of the proton is a model-dependent quantity, stringent constrains can be extracted by means of Bayesian techniques [5] or by identifying experimental observables with large discriminating power.
A representative example is the first measurement of symmetric cumulants, SC(n, m), performed by the CMS Collaboration in the three collision systems available at the LHC (p+p, p+Pb, Pb+Pb) [6] . In particular, SC (2, 3) , that provides direct access to initial state fluctuations, shows a sign change when moving towards large multiplicities (N ch ∼ 100) in p+p resembling the behavior of p(Pb)+Pb interactions. While there are several theoretical calculations that confront the p+Pb [7] and Pb+Pb [8] measurements, the p+p data set lacks, up to today, of a succesful theoretical description. In this work, largely based on [1] , a plausible explanation for the sign change of SC(2, 3) when enlarging the multiplicity in p+p collisions at √ s = 13 TeV is exposed.
Setup
A complete description of the model can be found in [9] . Basically, we rely on a Monte Carlo Glauber description of the scattering process being the proton constituents, i.e. gluonic hot spots, the fundamental degrees of freedom. They are characterized by their radius R hs and their number N hs , set by default to 3. An essential ingredient in any Glauber simulation is the spatial distribution of the constituents in the transverse plane. We introduce a novel ingredient with respect to other works in the literature (see Eq.2 in [9] ): shortrange repulsive correlations between the gluonic hot spots controlled by a repulsive core distance r c that effectively enlarge their mean transverse separation. Then, each wounded hot spot deposits, following a Gaussian distribution, a fluctuating amount of entropy tightly related with the event multiplicity. Moreover, we characterize the centrality of an event by its deposited entropy. With all these ingredients we compute the normalized symmetric cumulant, NSC (2, 3) , at the eccentricity level defined as:
in the correlated and uncorrelated scenarios. The values of the model parameters are given in Table 1 of [1] .
Results
The main result of our analysis is presented on the left pannel of Fig. 1 where we show the eventaveraged value of NSC(2, 3) as a function of centrality. The most striking effect of the short-range repulsive correlations is observed in the ultra-central bins [0−0.1%] and [0.1−1%]: only in the correlated case there exists an anti-correlation of ε 2 and ε 3 as data dictates. Then, we conclude that the experimental evidence of NSC(2, 3) < 0 may back up the necessity to consider correlated proton constituents.
The reason why the correlations push NSC(2, 3) to negative values is displayed on the right pannel of Fig. 1 . We compute NSC(2, 3) for a given number of wounded hot spots, N w , weighted by the probability of these configurations to happen in the Monte Carlo, NSC w (2,3), as a function of the number of collisions N coll . Clearly, the events with a large number of wounded hot spots and a small number of collisions are responsible for the negative sign of NSC(2, 3) within our approach. The main role of the correlations is just to enhance the probability of occurrence of these interaction topologies as compared to the uncorrelated scenario in the Monte Carlo and allow the change of sign. At this point it is natural to wonder whether the negative sign of NSC (2, 3) is a unique feature of the correlated scenario. To check this hypothesis it is necessary to explore the parameter space of our model as it is done in the left pannel of Fig. 2 where the number of hot spots is increased to 4. Although the qualitative effect of the spatial correlations persist, i.e. the correlated curve is always below the uncorrelated scenario in the highest centrality bins, an important comment is in order: NSC(2, 3) is compatible with negative values, within statistical uncertainty, in the [0−0.1%] bin for the uncorrelated case. Therefore, the interplay of the different scales {R hs , r c , N hs } is decisive in the sign of NSC(2, 3) within our framework.
Finally, we study the dependence of NSC(2, 3) on N w /N coll for the highest centrality bins with and without correlations and varying the number of hot spots. The results are shown on the right pannel of Fig. 2 . Remarkably, the value of the cumulant is the same in all the different scenarios for a given value of N w /N coll . Nor the presence/absence of correlations neither the number of constituent hot spots modify the value of NSC(2, 3) for a fixed N w /N coll . This feature backs up the idea that N w /N coll is a potential candidate to be the critical parameter controlling the sign of NSC (2, 3) .
All in all, the aforementioned results plus the ones presented in [1] lead us to reach the firm conclusion that NSC(2, 3) is extremely sensitive to the initial state fluctuations and can help to discriminate between different parameterizations of the proton geometry.
Outlook: hydrodynamic evolution
The natural continuation of this work is to check the flow harmonic coefficients (v n ) are affected too by the inclusion of spatial correlations between the gluonic hot spots.
To answer this question we use a 2+1D viscous hydrodynamic setup, thoroughly described in [11] , that can be summarized as follows. First, the simulation is initialized with the resulting entropy profiles from the MC-Glauber described in Section 2 at proper time τ = 0.2 fm. Further, both the shear-stress tensor (π µν ) and the transverse velocity are set to zero. The parametrization of the equation of state is obtained from [12] , and the decoupling temperature is chosen to be T dec = 100 MeV. Regarding the transport coefficients, both the heat conductivity and the bulk viscosity are neglected, while the temperature dependence of η/s is modeled as in [11] with a minimum at T = 150 MeV.
Preliminary results on the elliptic (v 2 ) and triangular (v 3 ) flow for charged particles as a function of the multiplicity are depicted in Fig. 3 [10] . Noticeably, the imprints of the spatial correlations are visible in the case of the elliptic flow that is enhanced in the correlated scheme as it was the case for the eccentricity [9] . In turn, v 3 , with the current statistical precision, is compatible in both scenarios. Improving the quantitative description of the data by scanning the parameter space of our model and confirming the sensitivity of v 2 to a detailed description of the proton substructure are the two main lines of research that we will pursue in upcoming publications.
